BACKGROUND AND PURPOSE: Endovascular coiling is an alternative to surgical clipping for ruptured intracranial aneurysms. However, no large multicenter prospective study has compared coiling and clipping in patients with poor-grade ruptured aneurysms. We aimed to determine differences in postoperative complications and clinical outcome between the 2 treatments in this group of patients.
I
ntracranial aneurysm rupture leading to aneurysmal subarachnoid hemorrhage (aSAH) is a devastating condition. Poorgrade ruptured aneurysms account for approximately 30% of all cases of aSAH. 1, 2 Traditionally, patients with poor-grade aneurysms have been managed medically. In the past 2 decades, aggressive treatment has been proposed to improve outcomes in selected patients. 1, 3, 4 Despite recent advances in the treatment of aSAH, patients with poor-grade aneurysms have high rates of long-term morbidity and mortality. 1, [3] [4] [5] [6] The International Subarachnoid Aneurysm Trial (ISAT) has demonstrated that for ruptured aneurysms suitable for endovascular embolization and clipping, patients treated with coiling had better outcomes than those treated with clipping. 7, 8 However, only a few patients (4.4%) in ISAT had poor-grade aneurysms.
The results may not directly apply to poor-grade patients. Currently, case series have shown that endovascular coiling is a viable alternative to clipping for poor-grade aneurysms. 5, 9, 10 However, to date, no randomized, controlled study has been performed to evaluate the efficacy of coiling versus clipping for poor-grade ruptured aneurysms, to our knowledge. There has been no large multicenter prospective study regarding the effects of different treatments on postoperative complications and clinical outcome in these patients. A Multicenter Poor-Grade Aneurysm Study (AMPAS) was a prospective, multicenter, observational registry of consecutive patients who presented with poor-grade ruptured aneurysm. 11 The primary purpose of this report was to determine differences in postoperative complications and clinical outcome between patients treated with coiling and those treated with clipping in the AMPAS after adjustment for differences in baseline confounders.
MATERIALS AND METHODS

Study Design
The AMPAS protocol was approved by the Chinese Ethics Committee of Registering Clinical Trials (ChiECRCT-2010019) and was published elsewhere. 11 The study was registered with the Chinese Clinical Trail Registry (No. ChiCTR-TNRC-10001041). Between October 2010 and March 2012, 366 patients from 11 centers were enrolled in the registry. All informed consent was obtained from the patients' legal representatives. All patients were treated at tertiary referral centers (with Ͼ150 aSAH cases per year) with expertise in aneurysm coiling and clipping. "Poorgrade aneurysm" was defined as a World Federation of Neurosurgical Societies (WFNS) grade of IV or V after aSAH. Patients between 18 and 75 years of age were eligible for entry if they presented with poor-grade subarachnoid hemorrhage and had a ruptured aneurysm as confirmed by CT angiography or digital subtraction angiography. Patients were not enrolled if their family refused any treatment and they died in the emergency department. In this report, patients were excluded if they improved from an initial poor grade to a good grade (WFNS grade I or II or III) before aneurysm treatment and if they underwent aneurysm treatment after 21 days of poor-grade aSAH. Of the 366 patients, 262 patients were included in this study (Fig 1) .
Clinical Treatment Protocol
The treatment protocol included aggressive resuscitation, intensive critical care, early CT angiography or cerebral angiography if the patient was clinically stabilized, multidisciplinary consensus, and early treatment. [11] [12] [13] The multidisciplinary team consisting of vascular neurosurgeons, interventional neuroradiologists, and anesthesiologists, made the treatment decision by considering patients' clinical conditions and radiologic findings. Surgical treatment was regularly performed in patients with associated large intracerebral hemorrhage (Ͼ30 mL), and endovascular coiling was performed in patients with posterior circulation aneurysms. Following aneurysm treatment, all patients were transferred to a neurointensive care unit and underwent aggressive management for vasospasm according to the individual institutional standards of practice.
Data Collection and Definition
The data entry form included information on demographic characteristics, medical history, clinical presentation, neurologic examination, radiologic findings at the time of treatment, aneurysm characteristics, type and timing of treatment, postoperative complications during hospitalization, and outcomes at discharge and at 6 and 12 months. The Glasgow Coma Scale (GCS) and WFNS grade were the last assessment obtained before sedation or intubation if the patient was sedated or intubated. The Fisher grade and modified Fisher grade were determined by the last CT scan before treatment. The time of treatment was defined as the interval between the time of the poor-grade condition after ictus and the time of aneurysm treatment.
Outcomes Measures
The outcome was assessed at each center by an independent neurosurgeon by using the modified Rankin Scale. They were not involved in the treatment of patients. The primary outcome measure was functional outcome at discharge and 6 and 12 months. The secondary outcomes were postoperative complications. Major complications included aneurysm rebleeding, cerebral infarction, symptomatic vasospasm, radiologic and clinical hydrocephalus, seizure, pneumonia, and renal failure. "Radiologic hydrocephalus" was defined as ventricular dilation with enlarged temporal horns (Ն2 mm wide) on postoperative CT, 14, 15 and "clinical hydrocephalus" was defined as the presence of postoperative external ventricular drainage (EVD), ventriculoperitoneal shunt or lumbar drain placement, and the presence of radiologic hydrocephalus. "Cerebral infarction" was defined as a new hypoattenuation on posttreatment CT, and "symptomatic vasospasm" was defined as neurologic deterioration not explained by other causes such as seizure, hydrocephalus, edema, and a new hemorrhage.
Statistical Analyses
Data were analyzed with SPSS, Version 22.0 (IBM, Armonk, New York). Differences in baseline characteristics were compared between the coiling and clipping groups. An independent-samples t test and Mantel-Haenszel, 2 , and Fisher exact tests were used to find variations in patient characteristics between the 2 groups. Crude and adjusted odds ratios with 95% confidence intervals were calculated with logistic regression analysis for major complications and outcomes (mRS 0 -1, mRS 0 -2, mRS 0 -3, and death) at discharge and at 6 and 12 months for the different treatment groups. All analyses were adjusted for smoking history, pretreatment GCS score, WFNS grade, Fisher grade, modified Fisher grade, brain herniation, ruptured aneurysm location, and postoperative EVD. In univariate analysis of the association between radiologic and clinical hydrocephalus and clinical characteristics, clinical variables with a P value Յ .05 were entered into the multivariate analysis model by using the backward logistic regression method to identify independent risk factors for hydrocephalus. Receiver operating characteristic of area under the curve analysis was performed to test the prediction ability of the model. A P value Ͻ .05 was considered statistically significant.
RESULTS
Patient Characteristics
Baseline characteristics of the 262 patients are shown in Table 1 . According to multidisciplinary consensus, 133 (50.8%) patients received endovascular coiling within 21 days after poor-grade aSAH. Patients treated with coiling more often had a history of smoking (P ϭ .035), a higher GCS score (P Ͻ .001), a WFNS grade of IV (P ϭ .002), a lower Fisher grade (P Ͻ .001) and modified
Fisher grade (P ϭ .001), and a ruptured posterior circulation aneurysm (P Ͻ .001) than those treated with clipping. Patients treated with clipping more commonly experienced brain herniation than did those treated with coiling (P Ͻ .001). Postoperative EVD was more often performed in patients treated with coiling (P Ͻ .001).
Major Postoperative Complications
Major complications are shown in Table 2 . There were no significant differences in aneurysm rebleeding, cerebral infarction, symptomatic vasospasm, seizure, pneumonia, and renal failure between the coiling and clipping groups. Patients treated with coiling had higher risks of radiologic and clinical hydrocephalus than those treated with clipping (unadjusted OR, 2.91; P ϭ .021; and unadjusted OR, 7.47; P ϭ .009, respectively). The risk of radiologic hydrocephalus in the coiling group was higher than that in the clipping group (adjusted OR, 3.36; P ϭ .030), and there was a trend toward clinical hydrocephalus in the patients with coiling (adjusted OR, 5.15; P ϭ .057) when adjusting for the status of smoking, GCS score, WFNS grade, Fisher grade, modified Fisher grade, ruptured aneurysm location, brain herniation, and postoperative EVD (Table 2) . Univariate analysis of the association between hydrocephalus and clinical characteristics showed that higher modified Fisher grade (P ϭ .019), postoperative EVD (P ϭ .004), and endovascular treatment (P ϭ .021) were associated with radiologic hydrocephalus. Multivariate analysis showed that higher modified Fisher grade (P ϭ .012) and endovascular coiling (P ϭ .035) were independent risk factors for hydrocephalus (Table 3 ). The 2 variables predicted the risk of radiologic hydrocephalus with an area under the curve of 0.71 (95% CI, 0.60 -0.81; P ϭ .001). The multivariate analysis for clinical hydrocephalus showed that postoperative EVD (P ϭ .001) was an independent predictor of clinical hydrocephalus (Table 3). The model combining coiling technique and postoperative EVD predicted clinical hydrocephalus with an area under the curve of 0.79 (95% CI, 0.66 -0.91; P Ͻ .001). 
Outcome at Discharge
At discharge, 52 (19.8%) patients had an mRS score of 0 or 1, 78 (29.8%) had an mRS score of 0 -2, 85 (32.4%) had an mRS score of 0 -3, and 51 (19.5%) had died. Unadjusted analysis showed that the rate of outcome (mRS 0 -2 or mRS 0 -3) at discharge in the patients with coiling was higher than that in the patients with clipping. There was no significant difference in outcome at discharge after adjustment for the status of smoking, GCS score, WFNS grade, Fisher grade, modified Fisher grade, ruptured aneurysm location, brain herniation, and postoperative EVD (Table 4) .
Long-Term Outcomes
At 12 months, 95 (36.3%) patients had an mRS score of 0 or 1, 115 (43.9%) had an mRS of 0 -2, 126 (48.1%) had an mRS of 0 -3, and 103 (39.3%) had died. The outcomes at 12 months according to the WFNS grade and treatment technique are shown in Fig 2. Patients with a WFNS grade of V had worse outcomes than those with a WFNS grade of IV (P Ͻ .001). Compared with outcomes at discharge, the rate of good outcome (mRS 0 -2) increased to 39.3% at 6 months and 43.9% at 12 months. The outcome was improved after endovascular coiling or clipping with time (Table 4 ). Unadjusted analysis showed that the outcome rate (mRS 0 -1 or mRS 0 -2) at 6 and 12 months in patients with coiling was higher than that in the patients with clipping. However, there was no significant difference in outcomes at 6 months and 12 months between the 2 groups after adjustment for the status of smoking, GCS score, WFNS grade, Fisher grade, modified Fisher grade, ruptured aneurysm location, brain herniation, and postoperative EVD (Table 4) .
DISCUSSION
The AMPAS was a prospective, multicenter, observational registry of consecutive patients who presented with poor-grade ruptured aneurysm and was reflective of a real-world practice of multidisciplinary treatment of poor-grade aneurysms. Some patients experienced further clinical improvement with time. In this exploratory analysis, there was no significant difference in outcomes at 6 and 12 months between the 2 treatments. However, patients treated with coiling had a higher risk of radiologic hydrocephalus than those treated with clipping, and there was a trend toward clinical hydrocephalus in the patients with coiling. Although numerous studies have reported outcomes in selected patients with poor-grade aneurysms, 1,2,4,5,9,10 interpretation of the results from case series or from single-center retrospective studies has been hampered by the use of different clinical grading scales (WFNS grade or Hunt and Hess scale) and outcome measurement scores and heterogeneity in the type of treatment and in the timing of outcome assessments. 11 In this study, standard neurologic scales, risk factor data, and functional outcome scores were prospectively collected in all sites. The registry dataset is also representative of the current practice for poorgrade aneurysms in high-volume centers. Our results are slightly better than those reported in older studies (good outcome of 38.3%-40.0%) 1, 2 and are in agreement with current studies showing a good outcome of approximately 50%. 10, 16 These findings might suggest that there is an increase in the proportion of patients experiencing good outcomes in recent years. In addition, our results also support the recent study showing that poor-grade patients have experienced delayed recovery with time. 16 Cerebral recovery may be attributable to cerebral plasticity.
Since the ISAT study, endovascular coiling is more commonly used than clipping for ruptured aneurysms. Our results also show that most patients with a WFNS grade of IV and almost all patients with posterior circulation aneurysms received endovascular treatment. Unadjusted comparisons of outcomes showed that patients treated with coiling had a better outcome than those treated with clipping at 6 and 12 months. Selected patients with a WFNS grade of IV were treated with coiling and might have a better outcome. After we adjusted for differences in baseline risk factors, these outcomes after coiling were similar to those after clipping. In a prospective data base of poor-grade aneurysms, Mocco et al 2 reported that 35 (35.7%) of 98 patients underwent coiling, and there was similar outcome between coiling and clipping. The current results at the 3-and 6-year follow-ups in the Barrow Ruptured Aneurysm Trial also showed that there was no significant difference in outcome between the 2 treatments for ruptured aneurysms. 17, 18 These results suggest that both endovascular coiling and surgical clipping are viable treatment options for poor-grade ruptured aneurysms. Clinicians should make treatment decisions case-by-case, weighing the benefit of different treatments. Furthermore, with improvements in endovascular technology and surgical techniques, aneurysm treatment does not seem to make a big difference in the outcomes of selected patients.
Previously, no study focused on poor-grade aneurysms to determine the effects of coiling and clipping on the postoperative complications. In our study, radiologic hydrocephalus was used to make it more appropriate to assess these complications at all sites. Our results are in line with a meta-analysis showing a significantly higher risk for hydrocephalus after coiling than clipping for ruptured aneurysms. 19 Our study also showed a trend toward clinical hydrocephalus in the coiling group because open surgery may remove the clot and open cistern and result in less hydrocephalus. 19 However, Zaidi et al 20 reported no difference in hydrocephalus among patients treated by coiling or clipping. There is still a controversy regarding the effect of treatment technique on hydrocephalus, probably because of different diagnostic criteria of hydrocephalus and the time period observed. In addition, all patients had poor neurologic conditions, and systematic vasospasm could not be precisely detected. The long-term complications were also not determined because due to a high mortality in poor-grade patients, it might be difficult to properly compare these complications across time.
To the best of our knowledge, this is the first multicenter prospective report focused on the effects of postoperative complications and clinical outcome between the 2 treatments for poorgrade ruptured aneurysms. However, our study has several limitations. First, it was not a randomized study, and the drawback is that selected patients were included for the exploratory analysis. All patients were treated according to the individual patient and aneurysm characteristics on the basis of multidisciplinary decision-making. Other factors such as family desires, relative treatment risk, and medical expenses may influence the decisions about treatment technique. Therefore, the decision regarding treatment of poor-grade aneurysms is complex and could not be defined in a registry study. Although we have adjusted for baseline imbalance between the 2 treatments, other unmeasured variables outside the analysis may contribute to selection bias. Therefore, no direct causal effect between treatment and complications and clinical outcome could be ascertained. Further studies focused on poor-grade aneurysms are needed to help guide treatment decisions. Second, we did not record laboratory findings and long-term imaging follow-up, and there may be other risk factors for outcome. Nevertheless, we found no difference in long-term outcomes between the 2 treatments by using a relatively large number of poor-grade patients, but the higher risk of radiologic hydrocephalus should be considered after endovascular coiling. These results may also help clinicians assess and treat the postoperative complications after both treatments.
CONCLUSIONS
Unadjusted comparisons of outcomes showed that patients undergoing coiling had a better outcome than those undergoing clipping. Selected patients who were treated with coiling may have a better outcome. Adjusted analysis showed that the outcomes at 6 and 12 months were similar between the 2 treatments. A clinical trial focused on poor-grade ruptured aneurysms would be necessary to further assess the efficacy of different treatments. The higher risk of radiologic hydrocephalus was found in patients after endovascular coiling for poor-grade ruptured aneurysms. Meanwhile, there was a trend toward clinical hydrocephalus in patients treated with coiling. 
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